Comparison of conventional and delayed secondary enrichment for isolation of Salmonella spp. from swine samples
Jerome C. Nietfeld, Barbara Kelly, Steve S. Dritz, Ingrid Feder, John C. Galland Salmonellosis costs swine producers millions of dollars annually because of deaths, slow growth, reduced feed conversion, and medication costs. 13 Nontyphoidal salmonellosis is an important food-borne disease of humans, and contaminated meat, including pork, is considered to be a major source of human infection. 3 Recent United States Department of Agriculture surveys to determine the incidence of Salmonella organisms on US pig farms isolated Salmonella spp. from at least one fecal sample and one feed ingredient from 38.2% and 46.7% of the operations sampled. 1, 5 Reduction of on-farm Salmonella infection is important in order to decrease contamination of pork, the risk of salmonellosis for consumers, and losses from clinical disease. Methodology to improve the recovery of Salmonella spp. from pigs and their environments is needed to identify infected herds and to evaluate the effectiveness of Salmonella control programs.
Delayed secondary enrichment is a procedure that has been shown to increase isolation of Salmonella spp. from bobwhite quail, chickens, chicken environments, and cattle feces. 7, [10] [11] [12] For delayed secondary enrichment, samples are inoculated into primary enrichment broth, incubated for 24 hours at 37 C, and held at room temperature for several days. 7, [10] [11] [12] The primary broth is then used to inoculate tubes of fresh broth, which are routinely incubated for 24 hours and plated onto selective agar. The purpose of this study was to determine if the combination of delayed secondary enrichment and primary enrichment improved Salmonella isolation over that obtained by 24-hour primary enrichment alone.
Samples were from 2 sources. Source 1 samples consisted of 367 rectal swabs from commercial pigs and 44 environmental samples from commercial pig farms. Rectal swabs were collected from animals ranging from 10-day-old pigs to multiple-parity sows. The environmental samples consisted of water and mud from bowl-waterers and mud puddles in outdoor finisher pens, and swabs from the floors of nursery pens collected after cleaning and prior to introduction of pigs. Source 2 samples consisted of 149 rectal swabs from a groups of pigs that were part of a trial to evaluate the efficacy of a feed additive in preventing clinical salmonellosis. The pigs were obtained at 10 to 14 days of age from a different swine farm from that sampled for source 1. After being given a week to acclimatize, they were inoculated by stomach tube with 5 ml of brain heart infusion broth that contained 1.9 ϫ 10 9 colony-forming units (cfus) of a field strain of Salmonella choleraesuis var. kunzendorf. Rectal swabs were collected 10 and 17 days after inoculation.
Three broth enrichment media were used. During the ini-tial portion of this study, samples were enriched in tetrathionate with iodine a and 3MC broth, a laboratory-prepared medium that, when compared with tetrathionate and selenite broths, was superior for isolation of salmonellae from poultry meat and that allowed increased growth of S. choleraesuis. 2, 4 After the beginning of the study, and in-house trial demonstrated that Rappaport-Vassiliadis broth was superior to 4 other enrichment media, including tetrathionate and 3MC broths, for recovery of S. choleraesuis from experimentally inoculated pig feces (data not shown). For that reason, Rappaport-Vassiliadis R10 broth a was used for enrichment of source 2 samples and approximately 1 third of the source 1 samples. Because the samples were not enriched in all 3 media, it was not possible to compare the media. For primary enrichment, swabs were inoculated directly into 10 ml of enrichment broth, and water and mud were mixed in an approximately 1:10 ratio in tetrathionate and 3MC broths. Rappaport-Vassiliadis broth was incubated for 24 hours at 42 C, and tetrathionate and 3MC were incubated for 24 hours at 37 C. Approximately 100 l of each sample was then plated onto MacConkey a and Hektoen a enteric agar plates.
Delayed secondary enrichment was performed as previously described. 7,10-12 After 24 hours' incubation of tetrathionate and 3MC broths at 37 C and Rappaport-Vassiliadis broth at 42 C, the samples were held at room temperature for 5 days, after which 1 ml of each broth was added to a fresh tube containing 9 ml of the same enrichment medium. The tetrathionate and 3MC broths were incubated for 24 hours at 37 C, and the Rappaport-Vassiliadis broth was incubated for 24 hours at 42 C, after which approximately 100 l of each sample was plated onto MacConkey and Hektoen enteric agar plates. After 24 hours' incubation at 37 C, clear colonies from MacConkey agar and blue-green colonies from Hektoen enteric agar plates were inoculated into triple sugar iron (TSI) agar slants a and incubated overnight at 37 C. The number of colonies transferred from MacConkey and/or Hektoen agar plates was not constant. Rather than testing a specified number of bacterial colonies, a colony of each morphologic type was inoculated into TSI agar. Bacteria from TSI agar slants that gave either alkaline/acid ϩ gas ϩ H 2 S or alkaline/acid ϩ gas reactions were tested with polyvalent Salmonella spp. antiserum. a Colonies reacting with the Salmonella spp. antiserum were tested using standard biochemical procedures, and Salmonella isolates were submitted to the National Veterinary Service Laboratory, Ames, Iowa, for confirmation and serotype determination.
To determine if delayed secondary enrichment significantly increased isolation of Salmonella spp., the proportion of Salmonella-positive samples identified by plating after 24 hours' enrichment was compared with the proportion of positive samples identified by plating after 24 hours' enrichment and delayed secondary enrichment by a test to compare 2 binomial proportions. 8 Salmonella spp. were isolated from 42 of 560 (7.5%) samples by plating after 24 hours of enrichment and from 104 of 560 (18.6%) samples after delayed secondary enrichment (Table 1) . Similarly, 45 Salmonella isolates were obtained by plating after 24 hours' enrichment, and 133 isolates were obtained by plating after delayed secondary enrichment (Table 1). The increased isolation rate was significant for both source 1 and source 2 samples (P Ͻ 0.005). The number of isolates obtained after delayed secondary enrichment increased for all 3 enrichment media, and the increases were significant for Rappaport-Vassiliadis and 3MC broths but not for tetrathionate broth (data not shown).
Eight Salmonella serotypes were isolated, and delayed secondary enrichment increased isolation of all serotypes ( Table 2 ). All source 1 samples that were culture positive for Salmonella spp. after 24 hours' enrichment were also positive after delayed secondary enrichment. However, S. derby was isolated from each of 2 environmental samples after 24 hours' enrichment but not after delayed secondary enrichment; instead, S. drypool was recovered from 1 sample, and S. agona was recovered from the second. A third environmental sample yielded both S. derby and S. choleraesuis var. kunzendorf after 24 hours' enrichment, but S. choleraesuis was not isolated after delayed secondary enrichment. Salmonella choleraesuis was isolated from 6 source 2 samples after 24 hours' enrichment but not after delayed secondary enrichment. As these results and those of other investigators demonstrate, 6,11 a proportion of isolates recovered after 24 hours' enrichment are not recovered after delayed secondary enrichment. Most likely, this is because during prolonged incubation of fecal samples, there is a succession of different bacteria that reach their stationary growth phase and then begin to decline in number. 6 Thus, different bacterial species predominate in the culture medium during incubation. When salmonellae are initially present in large numbers, they peak early during incubation and then begin to decline in number. If the samples are not subcultured at the proper time, Salmonella spp. will not be isolated. 6 Delayed secondary enrichment is most beneficial when performed in conjunction with, and not instead of, primary enrichment.
The source 2 pigs either were infected with S. muenchen and S. derby prior to S. choleraesuis inoculation or were inadvertently exposed to the organisms after the beginning of the trial. On the day of inoculation, rectal swabs were collected and cultured from only 16 of 64 pigs from this group, and Salmonella spp. were not isolated. Ten days after inoculation with S. choleraesuis, rectal swabs from 5 pigs were culture positive for S. muenchen. Seven days later, S. derby and S. muenchen were isolated from 17 and 35 samples, respectively, and delayed secondary enrichment was responsible for 80% of the isolates, including S. choleraesuis, recovered at that time.
Tetrathionate and tetrathionate-brilliant green broths in combination with delayed secondary enrichment have been shown to increase the isolation of Salmonella spp. from bobwhite quail, chickens, chicken environments, and cattle. 7, [10] [11] [12] This study suggests that 3MC and Rappaport-Vassiliadis broths may also be used for isolation of salmonellae from swine and their environments in a delayed-secondary-enrichment procedure. Recovery of all Salmonella serotypes isolated in this study was improved by delayed secondary enrichment. This suggests that delayed secondary enrichment enhances isolation of most or all Salmonella spp. rather than improving isolation of certain species. Similar results were obtained in a study involving samples from chickens and their environments. 11 The mechanisms responsible for improved Salmonella isolation following delayed secondary enrichment are not entirely known. Based on what is known about the growth dynamics of salmonellae and other fecal bacteria in culture, 6 some of the mechanisms can be inferred. When 2 or more bacteria are present in a medium that is suitable for the growth of each, and 1 bacterium does not inhibit the growth of another, all grow as though they were alone until one reaches the stationary phase, when the growth of all is restricted. The lag phase for bacteria in the stationary phase is increased. 6 The bacteria present in the largest numbers make up a higher proportion of dying cells, and since their lag phase is increased, they are at a disadvantage for maintaining their dominance over species present in lower numbers. When bacteria are subcultured to fresh medium, growth rates increase and bacteria not at the stationary growth phase have an advantage because of the increased lag period of the species in the stationary phase. Prolonged incubation at room temperature probably helps, because a lower temperature slows the onset of the period of decline for species in their stationary phases. 6 Thus, if a Salmonella spp. reaches the stationary phase early in the course of incubation, its numbers are more likely to remain high until subcultured if incubation is at room temperature rather than at 37 or 42 C.
Although delayed secondary enrichment increases the Salmonella isolation rate, it also increases labor and media costs. But increased sensitivity will decrease the number of samples required to reach a certain confidence level. For example, on a farm with 500 pigs, if it is assumed that 5% are culture positive by conventional enrichment, samples from 55 pigs must be cultured to be 95% confident of finding one Salmonella-positive pig. 9 If 10% of the animals (samples) are culture positive by delayed secondary enrichment, only 28 pigs must be sampled to be 95% confident of finding a culture-positive animal. 9 The reduced costs from decreased numbers of samples will help offset the increased cost of delayed secondary enrichment. Each laboratory must decide on a case-by-case basis whether the benefits are worth the increased time and materials.
